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NOTICE
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be related thereto.
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DDC to the National Technical Information Service (NTIS).
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SUMMARY

Prob lem

For a computer-based instructional system such as the Air Force
Advanced Instructional System (AIS), a cri tical componen t is the com-
puter terminal. The AIS has two major types of terminal s - a management
terminal and a plasma type interactive terminal. Use of the management
term i nal i s dependent on the use of chemicall y treated and pencil mark-
ed , mark-sense computer forms which are consumed at a rate of approxi-
mately 1.1 million per year. The application of computer-assisted
instruct ion (CAT) is directly limited by the cost of the t€~.rn in al s inc e
for any CAl lesson there is usually a requirement of one terminal per
student. Computer-managed instruction (CMI) can handle large numbers of
students with fewe r termina ls but lacks the level of interac tion pro-
vided by CAL at the lessor level and also has recurring costs associated
with the use of computer t irms and support materials. The development
of a microterm inal is an ef fort to use the new micro processor technolo gy
to produce a stand-alone student terminal which functions in the broader
scope of computer-based instruction providing a form of CAl in the
context of CMI operations.

At the initiation of the contract , the four goals wer e:

I. Desi gn and develop a final configuration which at least takes
i nto account stand-al one software capabilities for supporting block
testing, portabiLty (battery operation), and transfer of data to the
computer site through a Type B Terminal.

2. Refine the existing Air Force Human Resources Laboratory
(AFHRL) prototype for production level numbers , and produce ten proto-
type production uni ts with a production cost goal of approxima tely $500
per un i t  in  quan ti t ies  of 500 or more .

3. Perform a classroom study of the microterminal to determine
its operationa l effectiveness .

4. Provide complete procurement-manufacturing documentation.

Approach

ihrough a series of meetings with AFHRL and McDonnell Douglas per-
sonne l, the controlling agency and contractor , res pectively , of the
Advanced Instructional System (AIS), the human factors were defined and
the mechanical and electrical characteristics of the microterminal were
selected. Thus , the final desi gn benefited from the input of educators ,
psychologists , engineers , and potential microtermir ial users. A continu-
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al review of new hardware components and software needs was expected to
result in a f1 rlal microterminal configuration that would represent an
up-to-date , low-cost terminal which would provide dynamic , objective
type, response handling capabilities for support of testing and instruc-
tion.

Result

The microterminal was evaluated and proved acceptable for student
test taking in the AIS Weapons Mechanics Course. Cost Analy sis indicates
that the microterminal can be produced at a cost of approximately $500
per unit in quantities of 500 or more. In addition , the development of
a removable memory module proved to be an instructional and administrative
benefit of the final design. Evaluation of the microterminal showed an
almost unanimous preference by students for answering test i tems with a
microterminal rather than a computer test form. Unexpectedly, evaluation
results also showed that use of the microterminal resulted in significantly
better test scores.

Conclusion

The microterminal offers an electronic solution to instructional
testing and opens up avenues for further application within the Air Force.
The microterminal offers a cost-effective mechanism for administering
tests in a computer-based instructional environment. Further applications
are seen in support of off-line individualized training materials for which
the rnicroterminal would add dynamic response handling capabilities , thus
providing a low-level form of computer-assisted instruction .

2
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INTRODUCTION

Bac k9 round

Individualized instruction which attempts to match student needs with
instructional resources produces testing and administrative requirements
that soon exceed the management capabil ities of a traditiona l instructiona l
system. Recognizing this situation , the Air Force undertook the develop-
ment of a computer-based system which would take advantage of the evolving
educational technology and still provide operational , cost-effective
individualized instruction.

The Air Force program called the Advanced Instructional System (AIS)
(Rockway & Yasutake , 1974) utilizes both computer-managed instruction (CMI)
and computer-assisted instruction (CAl) to achieve this goal. Convention-
ally, CAT is considered to be an intensive on— line interaction between
student and computer lasting over extended periods of time , while CMI pro-
vides guidance for instruction with intermittent interactions between com-
puter and student. With a proper balance between these two , often refer-
red to as computer-based instruction (CBI), the AIS has been able to
capitalize on the advantages of each educationa l technique (Lamos, 1977).

Inherent within the i ncorporation of any two systems are the tradi-
tional problems of redundancy , duplication of efforts, and the adaptation
of unnecessary features which detract from the overall performance
objectives of the new product. Within CBI , this is considered to be that
area where the higher costs of CAl (cost per student) make the operation
of the system cost prohibitive, or when CMI l imitations do not cllow the
CAl features to be utilized to their full potential . In terms of hardware ,
for example , one of the major costs in most CAl systems is the interactive
terminal. With nearly a 1:1 ratio of terminals to students for CAT , the
present initial capitalization of equipment cannot often be justified over
traditional forms of instruction . On the other hand , if a system is designed
to be entirely CMI, there are many advantages of CAl which annot be imple-
mented within the system. Thus , the primary objective of any CBI system is
to match the major benefits of both CA! and CMI without allowing one to
gain precedence over the other at the cost of defeating the original objective.

In the AIS , this process of match ing the trade-offs between CAT and
CMI is an on-going effort. Most recently, for instance , that portion of
the AIS relating to the Management of Type B terminal was investigated .
This terminal is designed primarily as a means to grade student tests,
relay this Information to the central site , and then return a prescription
to the student. It is made up of an optical mark reader (OMR), a
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minicomputer and a printer , and it came under scrutiny as a major equip-
ment expense. At the same time , the test forms used in the AIS were
also being investigated. In the l atter case , thousands of test forms
were being used each day , and at a per sheet cost of approximately 3½
cents , this also represented a major operating expense for the AIS.

Base d on this inform ation , the Air Force Human Resources Lab oratory
(AF HRL) Tec hnical Tra inin g D ivi sion at Lowr y AFB began to con sider
al terna tives for portion s of the Type B terminal and the paper tes t
forms. The concept which evolved was an electronic responding device ,
or m icroterminal , which would take the place of paper tests and thereby
bypass the OMR in the Type B Terminal. In 1976, a prototype was com-
pleted and successfully tested by AFHRL (Kirby & Gardner , 1976).

MICROTERMINAL HARDWARE CONFIGURATION

Ori ginal Design

The orig i na l device develo ped by AFHRL was referred to as a “stu-
dent responder. ’ It consisted of a keyboard , sev eral hexadecim al d is-
play elements (0-9 and A-F), and a column of indivi dual messa ge d is p lay
lam ps a l l  of wh i ch were int erconnecte d di rectl y to a central computer
through an interac tive terminal . Althou gh not sati sfactory as a final ,
usab le device , this confi gurati on was suff icient to obta i n informa tion
on a favorable design and to determine the potential application of the
device.

Durin g the evaluatio ,i period , 50 students in classes at Lowry AFB
(Lamo s , 1977) were given a programmed instructional lesson with test.
While no si gnificant gains in performance were note d , the stu dents
covered the material in 30 percent less time . In addition , 90 percent
of the students in d icate d that they preferred the electronic res pon der
over the traditional computer paper-and-pencil test form.

It was a lso determine d durin g this evaluat i on that an elec tronic
res pon d ing device woul d be feasi b le only if the unit coul d operate in a
“stand-alone” mode. W i thout t h is feature , the res ponder woul d require
continuous interacti on with a large central computer--a costly feature
to imp lement and an undesirable situati on when the central site was not
operational. Likewise , it was also determine d that th e res pon der shoul d
have the interactive and dynamic res ponse capabiliti es normally associ-
ated with a cat hode ray tube (CRT) type com puter terminal , as well as
the ease of use which is associated with electronic calculators. In
order to give it this capability , a comp lete microcomputer was i ncor-
porated i nto the responder. With this change the unit became known as
the “microterminal.

” 6



Student Microterminal

The ori gi nal AFHRL pro totype m i crotermin al uti l iz ed th e Motoro l a
M6800 microprocessor with a 1024-bit random access memory (RAM) and six
4096-bit programmable read-only memory (PROM) chips. As illustrated in
Fi gure 1, this prototype featured a 16-key keyboard , 14 display lights
to in di cate d i rective  messa ges , and four hexa decim al d isplay un it s for
answer feedback , etc. The electronics associated with the microterminal
provided four test strategies with up to 900 test i tem keys permanently
stored and a capacity of up to 250 test i tems for which a student’s
response was temporarily stored. These four test strategies could be
presented in any one of the following schemes.

1. Linear progession with no response feedback.

2. Same as #1 with Yes/No response feedback.

3. Same as #2, but the student remaine d at the las t test i tem
un til the correct response was given.

4. Same as #3, but the stu dent coul d be gi ven a re test on i n-
correct responses until all i tems were answered correctly.

Information entered by the student in the prototype microterm inal
was l imited to manual retrieval. In the instructor mode , i.e. , depress-
in g a special sequenc e of keys , such in fo rma t ion  as the stu dent ’ s SSN ,
test booklet number , student score, ela psed t ime , an d responses to each
oue st ion coul d be retrieve d.

In terface Evaluation

In 1976, the Denver Research Institute (DRI) undertook a study to
determin e a har dware in terfac e whic h woul d ena b le the microterminal to
transfer test data directly to the AIS central site (Wasmundt , Steffen ,
& Kargo , 1976a,b). This effort involve d the inve stigation of har dware ,
software , and ins truct ional  su pport func tions of the prototype an d the
i nt erac tive and Type B terminal interfaces . The recommen dations from
t hat stu dy resul ted in an interface for the micro terminal betwe en the
Type B terminal and the central site.

The modifi ca tions made to the prototype to effect t h is c hange
cons i sted of add i t i onal su pport c i rcu i t ry , p r i m a r i l y  input/output (I/O)
bu ffers , and several software changes. In the l atter category , the I/O
format was instituted , and the ca l cu la t ion  an d d is p lay of f i n a l  test
scores and/or transfer of test answers to the AIS computer via the Type
B terminal was made available.

.‘
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An additional feature which was incorporated at this time was the
provision for a redundant check digit in the test booklet number. This
helped prevent the student from i nadvertently entering an i ncorrect
number. Also , the time required for the student to complete the test
was measure d and made ava i la b le to the instruc tor or the Type B ter-
m inal. Figure 2 reflects the basic outlin e of the “initial” micro-
terminal .

App l ica ti ons Stu dy

Durin g the early months of 1977 , un der the present contract effort ,
DRI initiated an applications study of the microterminal. The purpose
of tha t study was to determine a microtermin al prototy pe design w h ich
wou ld hav e the ca pabi li ty of meeting most of the p resent and projecte d
needs of the AIS. In order to identify these ob jectives , a series of
meetings were held with AFHRL and McDonnell Douglas personnel. A tour
of the AIS courses was then conducted and possible areas of applications
identified. The applications categories tentatively identified for the
microterminal were as follows .

1. “Existin g” microterminal applications.
2. “Extended” microterminal  app l i ca t ions .
3. Adaptive testing.
4. Adaptive instruction.
5. Uses with external microterminal I/O control.
6. Performance training.

Under the category of “existing ” microterminal  app l i ca t ion s i t was
recognized that the hardware and software features of the “existing ”
prototype p l aced limitations on the future app lications of the device .
For exam p le , with the prototype, a ty p ical testin g scenario was limi ted
to the followin g steps .

Step 1. Student enters his social security number (SSN).

Step 2. Student enters the test booklet number (containing in-
formation require d for test adm i n i s t r a t i o n , i.e. , number
of questions , test key, an d feedback mode) .

Step 3. Student answers all questions in the order requested by
the microterminal.

Ste p 4. At the end of the test , the student takes the micro-
terminal to his instructor or to a Type B terminal for
evalua tion .

9
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One of t he objections raise d by stu dents to this scenari o wa s that
there were no p rovisions for altering the lin ear presentation of the
test questions. It then followed that this could be resolved by modify-
in g several features of the “exist in g” microterminal and “exten d in g”
features which wou ld a l low the stu dent to change the order in which the
questions coul d be answere d. The se mod i f ica tions shoul d , therefore ,
provide the following test features.

1. Non-linear progression testing , where by the stu dent woul d be
able to alter the or der in which questions were answere d.

2. The review of answers to previous questions.

3. If feedback was not provided , the student shou ld be p rovi ded a
mean s to alter the answers .

In add ition to these changes , which were primarily i nvolved with
the software , various har dware mod ifica tions and add itions were consi-
dered at this time . These changes , which woul d su pplement t he software
changes , were also consi dere d as factors in the r°duction of hardware
costs. A 12-key keyboard , three hexa decima l d isplay d igits , a reduction
in RAM , and a battery powered RAM were suggested as additional “exten-
sions ” of the “existin g” microterminal.

Another factor consi dere d in the app lications study was that of
test security. Because a large number of tests must be given in the
A IS , and since stu dents have shown great ski l l  in deciphering test keys ,
it was recommended that an integral pseudo-random number generator , wi th
a wi de variety of test patterns , would be more desirable than the ori -
ginal test keys possible with the “existing ” microterminal. This type
of test generation woul d be structured within the AIS when the in-
structor first requested a test booklet number for a new test. At that
t ime , the A IS central site woul d generate a number base d on the type of
course , b lock test number , and the number of questions supplied by the
instructor . The capability to decipher this test booklet number and
score the tests would also be a requirement for an “extended” micro-
terminal -

The ab ility to administer f lexi level adaptive tests was also con -
si dered a desirab le app l i ca t ion  for the “extended” microterminal . In
adaptive testing , an al gori thm is devise d which tests t he stu dent on the
fewest number of questions possible. The theory is that the adaptive
test score woul d have a close correlation to the test score which a
stu dent woul d receive if all questions had been answere d. In f lexi l evel
adaptive testing , the questions are ranked according to difficulty --the
first is the easiest , the last the most diff icult . When issue d a test ,

11



the microterminal could start the student at the middle question. For
each correct answer , the stu dent woul d be di rected by the microterminal
to a more di ff icult question; for inc orrect res ponses the p rocess woul d
be reversed. With this capability the microtermina l could provide an
econ omy of operation that is di ff icul t to dup licate with conventional
paper-and-pencil testing.

The requirements of the microterminal for ada ptive in struction do
not vary greatly from those required for adaptive testing. In fact,
adaptive instruction may be considered an extension of adaptive testing ,
but with self-explanatory questions. At the end of an instructional
sequence , stu dents answer ques tions regar d ing the material whic h has
just been covered , an d b ranch to material  which is ei ther more or less
difficult , depend in g on the correctness of the res ponse . However , sin ce
t he object of such an app l i cation is to make the material conform to the
student rather than to measur e the studen t’ s ach ievement , the software
demands t hat woul d be made on the micro terminal for p recision of mea-
surement are greatly decreased.

The use of an external microterminal parallel I/O control could
further enhance the applications of the device by providing the capa-
bi lity to communica te with an external device , such as a microfiche
projector, an external memory , or similar devices. However , it was
recommended in the applications study as impractical to simply extend
the micro processor data , addres s, and control bus outside of the micro-
terminal , partly because of the number of lines i nvolved (about 40) and
partly because of the danger either of electromagnetic i nterference with
other devic es or damage to the microterminal if the bus was improperly
used. It was therefore suggested that another programmable i nterface
adapter be added to the microterminal with its external I/O lines being
availa ble only at an external connector mounted on the microterminal.
This was suggeste d for add ition to the existing har dware at little
addi tional cost.

Performance trainin g was briefly considered as an area for evalua-
ting other potential uses for the microterminal. This remained largely
undef ine d , exce pt that it appeare d tha t any applications beyon d those
al ready discussed would require significant additional capabilities.
For examp le , the keyboar d is limite d to numeric input , plus a few func-
tion keys , so that constructe d answers are not possible . Similarly , the
d is p lay has l imite d capab i l i t ies so t hat any communicati on with the
student , other than feedback verification of answers and simple in-
structions , must be via i ndexing through a conventional media , such as
textual material or microfiche. Finally, such an application as per-
formance training woul d probably require special programming to handle
each device for which training was desired. Thus, this particular 

. 

-

application was not recommended as immediately suitable for the micro-
terminal.
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In addition to these points , the app l i ca t ions study also cons idered
a number of questions which applied to the effects of incorporating the
microtermi nal into the AIS. Most of these questions dealt with the
ability of the AIS to accept these changes with a minimum of alteration
to its existing framework. For example , all applications of the micro-
termin al requ i r e some mod i fica ti ons of the cours eware , but it was found
that these could be accomplished by treating the new portion of the
courseware as an alternate module or test. Similarly, the stu dents
could be trained in the operation of the microterminal by i ncorporating
i nstruc tion s into an exis ti ng lesson module.

The su ppor t require d for operation of the micro term inal was also
consi dere d in the app licati ons stu dy . Failure in t he sys tem , for in-
stance , woul d require a manual backu p system . If a f ailur e occurre d i n
a s in gl e microterminal , then the student would be forced to start over
on ano ther microtermin al , althou gh adaptiv e instruct i on might be ab le to
con tinue from some chec kpoint rather than from t he beg i n n i n g of the
test. In any case, a mai ntenance contract or a repa i r  fac i l i t y  wi t h in
the AIS would be required to deal with the problems as they arose.
Other types of support would also be required , but except for the micro-
terminal power supply, this was within the pres ent ca pabil ity of the
AIS.

Cost Consi dera tions

Thr ee major changes to the ori g inal prototy pe microterm inal were
consi dered as poss i ble advantag es in the design of the “extended” micro-
terminal. These were the inclusion of an external parallel I/O con-
nector with the associate d electronic s, the add ition of an external
memory module which coul d be i nterfaced via the parallel I/O connector ,
and a power supply included within the microterminal.

The first change , that of inclu ding a parallel I/O to the micro-
terminal , p rovi des the possi b ility of interfac i ng the microterm inal to
other devic es , such as a microfiche viewer or cassette tape p layer .
This change would also make it possible to consider an external memory
module which could be used to record all information that was to be
transferred to the AIS central site . Therefore , if the microterminal
was not physically require d for the transfer of test informati on to the
AIS , it woul d not have to be trans ported from the stu dy carrel to th e
Type B terminal by the student. This, woul d further make it possi b le to
enlarge the microterminal enclosure to include the third change , that
is , a self-contained power supply. The combinations which may result
from these changes are outline d in Tab le 1.
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Table 1. Possible microterminal changes.

Paralle l Self-Contained Internal External
I/O Port Power Source RAM RAM

Type 1 No No Yes -

Type 2 Yes No Yes -

Type 3 Yes No - Yes

Type 4 Yes Yes - Yes

A p rimary consi dera tion in comparin g the four types of microter-
m inals was the probable cost of each. As indicated in Table 2, the
range of approximately $100 between Type 1 and Type 4 was significant.
On the other hand , the added features of t he various ty pes d id not
appreciably affect software costs as these would be a one-time develop-
ment ex pense . As lon g as add itional PROM requirements were hel d to a
min imum , t he added software efforts for each added feature appeare d to
be a worthwhile investment .

In comparing the support requirements for each type of microter-
min al , it was evi dent that there were some offsett in g cost savings in
return for the additional internal power supplies. In fact, the addi-
tional ex pense of an internal power su pp ly for the Type 4 un i t is nearly
offse t by the reduction in cost of su pporting the other types with an
external source. When also considering that the future possibilities of
the microterminals cou ld be greatly i ncreased by not requ i r i n g the
installa tion of external power sources and associated wiring to study
carre l s , the added expense of the internal power su pp ly is insignifi-
cant.

Al though not reflected in Table 2, another configuration of the
microterm inal was su ggeste d. This woul d be the installation of a power
supply and i nternal battery source to power the interna l RAM while the
student is taking the microterminal from a carrel to a Type B terminal.
However , this configuration woul d be cumbersome in some respects , since
the microterminal woul d not have the require d portability desire d for
such usage--due to the added weight of the unit--and would further
i ntroduce an increased shock hazard by requiring the student to connect
and disconnect the 110-volt power source.

The cost difference between Type 1 and Type 2 units versus the
added capability of a Type 2 was such that it appeared well worthwhile
to include the feature of I/O capability . The only remaining decision ,
then , was whether to include the memory module . To resolve this ques-
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tion , a study of mai ntenance an d pred icted l i fe of the mi croterm i na l s
was performed. In making t”is comparison , no si gni fican t dif ference
could be identified without also including the addition or deletion of
an internal power suppl y. That is , with out consi der i ng a memory modu l e ,
an internal power supply was undesirable due to the portability re-
quirements that would be imposed on the microtermina l . Thus , a decision
was made to compare the Type 2 microterminal to a Type 4 microterminal.

The resulting difference in estimated cost between these two types
was $80, or for a quantity of 500 units , approximately $40,000. The
implication here was that the Type 4 microtermina l would need a useful
life 19% longer than the Type 2 in order to justify the cost differen-
tial , unless significant differences in support costs could be realized.
It was then further estimated that the elimination of an external power
sourc e an d i ts assoc i ated w i r i n g to study carrels  wou ld resu lt in  a cost
difference more on the order of $55 between the two types. This would
then result in the requirement that the Type 4 unit have a useful life
12.8% longer than the Type 2.

The desired life of a microterminal is approximately 5 years. From
this , the require d li fe of a Type 4 un it woul d need to be app roxima tel y
8 months more than that of Type 2. But , sinc e the Type 4 does not have
to be carried between a student carrel and an AIS Type B terminal for
the transferral of student information , it is ex pected that a reduction
i n ma l func t i on , due to droppage and mishandling , would be realized.
This cost d i fference of $55 wo u 1d then be made up in  main tenanc e or
replacement parts expense.

By constructing the memory modules in a manner that can accept this
ex pecte d abuse by students and by being ab le to maintain t he microter-
m in als in  a stationary pos i t ion , the add ition al ex pense of the Type 4
uni t could be recovered over the life expectancy of the devices. When
al so considering that the con-figuration of the Type 4 lends itself to
more f lex ib le us e in exten ded app l ic a tions , the cost d i f ference  between
the two types is not significant.

T he selecti on of a Type 4 uni t, with memory module , was a lso  inves-
t i gated from an i ns truc tional and admini strative view point . In this
case , one of the most apparent advan tages of a memor y mo dule unit i s the
ease with which it can be stored . Equivalent in size to about two
cigarettes packs laid end to end , the logist ics of con t ro l l ing  500 , or
more , memory modules is less difficult than that required for 500 micro-
termi nals. Another factor in favor of the module was the cost of pro-
ducin g add itional units . Since a sur p lus of mo dules wil l  undou bted ly be
require d , especially durin g periods when the central site is down , the
cost of doub ling the number of mo dules , as oppose d to doub lin g the
number of microterm i nals , is consi derably less. Downtime associated
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with the central site also made the memory module more appealing and
practical , because the student could continue with a test. When com-
pleted , the instructor could “m a n u a l l y ” score the memory module on an
ins truct or m i cro termina l , make the next assi gnmen t, an d t hen save the
module for processing when the central site was back on line.

A fin a l po i nt in  favor of the memory module  is rela ted to the
extended application of the microtermina l. In this case , i f the micro-
terminal proved satisfactory as a testing device , it could also be
extended for use in correspondence courses and on-the-job training
(OJT). With a microterminal on hand at each installation , or accessi bl e
to fiel d un i ts , memory modules coul d be ma i l e d back an d fort h to central
l ocations as an alterna te to di rect com munication links w i th remo te
terminals and when time is not a factor.

As sta ted earlier , one of the ori g inal objectives of this project
was to develo p a microterminal whose per unit cost woul d be $500, or
less , in quantities of 500 or more , and the Type 4 unit ful f i l ls  this
objective. This cost goal had been previously determined from an anal-
ysis of the present costs of the AIS paper-and-p encil test forms which
the microtermin al would replace. In an earlier study , the cost of paper
forms was determ ined to be app roximate ly $367 ,500 over a 5-year period
(base d on 40 forms /stu dent /week over 50 weeks , an average enrollment of
1400 students , and a cost of 3.5 cents per paper form) (Gray, Steffen , &
Wasmun dt , 1977). Extended over the same period , 500 micro te rmina ls  at
$500 eac h woul d result in a net initi al ex penditure of some $100,000
l ess. By further considering the capability of the microterminals to
administer adaptive testing , it was also beli eve d tha t further savings
coul d be achieve d by reducin g test tim e and the norm al administrative
r~equirements of processing the test data. Therefore , it was agree d that
the final design configuration of the microterminal should be one which
has the characteristics of the Type 4 unit.

F i nal Confi guration

Dur ing the final design stage , the selection of har dware and the
structure of softwar e were mo d i f ied due to technological adv ances which
took p lace durin g the development per i od and becau se of consi derations
given to human factors in the use of the microtermina l . In the l atter
case , the f i n al confi gurat i on , as reflecte d in Figure 3 , was selecte d
with the goal of pro ducing an “electronic test form ” which duplicated as
many of the inherent features of a paper test form as was possible. In
this regard , student use and acceptance of the device would be improved
if answers coul d be skipped , reviewed , and changed. In order to limit
stu dent confusion and frustration , every attem pt was also made to design
the microterm inal so that each action by a stu dent woul d result in a
recognizable reaction by the microterm i nal. Such responses as erroneous
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key depressions (answering a question with “8” rat her than “B” ) woul d
cause the display to flash a question mark; or , the depression of any
combi nati on of keys wou ld not cause the microterminal to become non-
functional . Simi l arly , the student is required to confirm each answer
by depressing either ENTER (to validate ) or CLEAR (to void).

The l ocation of in dicator l ights , the microterm i nal enclosure , and
tactile buttons for the keyboard were also selected with student use in
m i nd. Several layouts were d iscu ssed on these subject s an d agreemen t
reached before proceeding further.

In the case of hardware , new products were substituted for ori g ina l
selections when it was found that their substitution would improve
per formance , cost, or both. For example , a four-digit , low power al pha-
numer ic display became available during the contract period. By sub-
sti tuting this for the four-digit light emitting diode display , short
messages , such as “Yes ,” or “No ,” coul d be presented to the student.
Furthermore, the 64-character ASCII set, as well as punctuation symbols ,
coul d also be adapted for various messages. With this extended capa-
bility , it was possible to reduce the LED message lights from 16 to five
and to add four additional color-coded LEDs for possible adaptive in-
struction applications.

Prior to the final desi gn , Motorola also introduced the M6802
microprocessor unit (MPh ) which contains 128 8-bit words of i nternal
memory and an oscillator . This modification reduced both the component
count and the power requirements . Also , a PROM became available which
contains 2048 8-bit words , but required no more power nor space than di d
the ori ginal 512 8-bit word PROM. Thus , with a provision for three of
these units , a capacity of 6144 8-bit words of memory was achieved.

Wi th the addition of an i nternal power supply, it was also possible
to develop a 1-Hz clock for timing purposes from the 60-Hz AC line .
This resul ted in a significant reduction in the existing timing circuit
which had previously used a 1-MHz oscillator.

Consi derable effort was also expended on the design of the memory
module. Enclosed within a ruggedized hi gh impact plastic (Figure 4), is
a complimentary meta l oxide semiconductor (CMOS) random access memory
(RAM), which is powered by a miniature 50-milliamp-hour nickel-cadmium
battery. When the microterminal power supply is on , the battery is
recharged; when removed from the microterminal , the module battery is
capabl e of powering the memory for sufficient periods of time without
losin g stored data (up to 20 weeks with a full charge).

The final configuration of the microtermina l , with memory module in
place , is illustrated in Figure 5. A close-up of the display pane l

20



— 

- “ :1
— 

.I

~1~t~
pØ’1iu ______

-:

~j ;i~ Figure 4. Mimory Module

5,

21

—



(Fi gure 6) demonstrates that it was desi gned so that the l egends could
be changed on both the commands and keyboard for other applications.
Figure 7 is the microterminal with the top case tilted forward for ease
of maintenance and repair.

Classroom Evaluation

From 16 January to 3 February 1978, the microtermina ls were oper-
ated in support of Block 4 testing in the Weapons Mechanic Course at
Lowry AFB. This block test consisted of 15 multiple-choice items , with
two alternative tests available , and was supervised by AFHRL personnel.

The primary purpose of the evaluation was to determine the reli-
ability , ease of use , an d acceptan ce of the micr oter m i n a l  in  a func-
tioning classroom situation. Students who used a microterminal followed
a typical testing procedure . Upon entering the test center , eac h re-
ceived a standard test booklet , plus a two-page set of operating in-
structions on the microterminal. Individual assistance was given only
if the student requested such assistance. Following the written direc-
tions , along with the displayed directions on the microterm i nal , the
student responded to test questions via the microterminal. When the
student completed the test, the memory module was then taken to the Type
B terminal in the same manner required for computer test forms.

During the evaluation period , 123 students used the microterminal ,
and there was only one significant mal function. This was caused by an
unusual powerline fluctuat i on , which wa s correcte d by unp luggi ng and
rep lu gg in g the micro terminal  i nto the wa l l receptacle w i th no effect  on
the status of data in the memory .

To asses s the reaction of students to the use of the microterm i nal ,
the questionna i re in Fi gure 8 was administere d. The perc entages refl ect
how the 91 students who had only written directions on how to use the
microterminal reacted to the microterminal. As can be seen , a large
percentage preferred the unit to a generalized computer test form and
found it quite easy to use. Item 10 was used to elicit open-ended
comments from students. Forty-nine percent (n=46) responded with some
comment. Of those , 20 expressed a general liking for the device , seven
fel t that the micr oterm i nal was faster to use , 12 believe d it was easier
to use or allow ed better concentr ation on the test , an d seven regis tered
a minor complaint. Of these last seven , six had indicated a good opin-
ion of the microterminal on Item 1.

Followin g up on some of the comments made about the microterminal ,
two additiona l groups of students were evaluated. Students as they came
to the testing room for taking a Block 4 test were alternately assi gned
to responding on a computer form (Group L) or to responding on the
microterminal (Group 2) . Those in the latter category were given pre-
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Figure 8
STUDENT QUESTIONNAIRE

Microterminal  Use
(N = 91, Students Read Instructions)

1. What is your opinion of the microterminal?

91% Good 
_____ 

Bad 9% Indifferent

2. Which woul d you rather use for answ er in g test quest ions throu ghout
the rest of the course?

91% Microterminal 9% Computer Test Form

3. Did you feel nervous using the microterminal? 11% Yes 89% No

4. Was the inicroterm i nal difficult to use? 1% Yes 99% No

5. Di d you feel that you were restricted by the microterminal , as
compared to a test form , in  the way you coul d answer test ques-
tions? 5% Yes 95% No

6 . Over the length of the course do you think that you woul d have less
problems usin g the microterminal and its memory module than com-
puter test forms? 65% Yes 9% No

26% No DiTT~~ence

7. Were the directions indicated by the lighted messages on the mi-
croterminal har d to fol low? 1% Yes 98% No

ir Marginal

8. Was the display area of the microterminal e~sy to read?
99% Yes 1% No

9. Was using the memory module at the management terminal as easy as
using a test form? 96% Yes 4% No

10. In the space below , please indicate any other comments or sug-
gestions you may have about the microterm inal.
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i nstruc ti on on the use of the un i t  in  order to el im i nate any “learning
curve ” time element. Comparing time and score data between the two
groups produced the results shown in Table 3. Group 2, the pre-
ins tructed microt erminal  users , av eraged a fas ter test com p le ti on time
(9.7 minutes vs. 11.3 minutes) than Group 1, the computer form users.
This difference was statistically non—significant. The microterminal
users had a higher test score average (92% vs. 85%) than the computer
form users , and this difference was statistically significant.

An expanded questionn&r~ was then given to the second ;roup ofm icroterminal users. [he results are reflected in Figure 9. Of this
secon d grou p, 100% had a good op i n ion  of the device , and 97% p referred
its use over a computer test form. Twenty-four students responded to
either of two open-ended questions. Their general comments were as
fo l lows :

o 14 (44%) expressed a general liking of the device.

o 6 (19%) specifically stated that the unit was faster to use.

o 18 (56%) spec i f i c a l l y  stated that the micr oterm i nal was easier
to use or allowed better concentration.

o 4 (13%) expressed a minor complaint.

F ig ure 10 i s  a selecte d sam p le of student commen ts .

To e l iminate  the possi b i l i t y  that the better performance of the
microtermina l  users was due to better general ap t i t u de , in  sp i te of the
apparently random assi gnments , both a d i sc r im ina t ion  analys is  and an
analysis of covariance (ANCOVA) were performed. The discrimination
analysis was used to ascertain whether or not the form users or micro-
terminal users differed on any of five preassessment variables which are
use d as measures of general ab i l i t y . Only one var iable , reading com-
prehension , s ign i f i can t l y  d i sc r iminate d between the grou ps . When th is
p reassessm ent var ia b le was use d as a covariate , the ANCOVA showe d that a
significant main effect (P < .05) s t i l l  existe d between microterminal
user scores and computer form user scores. The results of this analysis
are tabulated in Table 4.

With respect to the initial purpose of the evaluation , to determine
whether or not students would accept the use of the microterminal and
whether or not the microterm i nal was easy to use, the data gathere d
definitely show that students prefer the microterminal over computer
test forms. Time and score data further indicate that there is merit to
severa l stu dent comments that the unit i s  a faster way to res pond to
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F igure 9
STUDENT QUESTIONNAIRE

Microter mina l Use
(N = 32 , Students Pre-Instructed)

1. What is your opinion of the microterminal?

100% Good 
_____ 

Bad 
_____ 

Ind i f ferent

2. Which woul d you rather use for answering test questions thro ughout
the rest of the course?

97% Microterminal 3% Computer Test Form

3. Did you feel nervous using the mi croterminal? 9% Yes 91%_ No

4. Was the microterminal di fficult to use? 3% Yes 91% No

5. Did you feel that you were restricted by the microte rininal , as
compared to a test form , in the way you could answer test ques-
t ions? 

— 
Yes 100% No

6. Over the length of the course do you th ink that you wou ld have less
problems us ing the microtermi nal and its memory module than com-
puter test forms? 88% Yes No

1~~ No DifTh~ence

7. Were the di rections indicate d by the lighted messages on the mi-
croterm ina l hard to fo ll ow? 

— 
Yes 100% No

— 
Marginal

8. Was the display area of the microte rmi nal easy to read?
100% Yes 

— 
No

9. Was using the memory module at the management terminal as easy as
us ing a test form? 91% Yes 6% No

10. In the space below , please in dicate any other comments or sug-
gestions you may have about the microterminal .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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11. Did the microterminal make block testing seem easier to you?
91% Yes 9% No

12. By using the microterminal instead of a computer test form , for
recor di ng your test answers , did you feel that you were better able
to concentrate on answering the test i tems?

81% Yes 19% No

13. What is the single thing about the microterminal which you either
liked or disliked the most? Please answer below.

Figure 10.
Selected student comments

“It was better than fillin g out test forms and a lot easier to use.”

“I like it better because you can make changes easier and (it) doesn ’t
leave pencil and erase marks. ”

“I t was a lot better than test forms because you can change the answers
eas ier .”

“It’s faster. You don ’t mark the wron g let ters by mistake as eas i l y
(sic).

“Not having to worry about mistakes. ”

“With the computer test form one can show proof when the computer messes
up, (which isn ’t too often but it does happen). How can the microter-
mi nal be proven wrong when and if there is a ma l function?”
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multi ple-choice items and that the microterminal allows better concen-
tration on taking the test without concern for making recording errors .
This latter point is important because the recording of data (SSN, test
iden t i f i e r ;  i tem res ponses , etc .) requires the careful darkening of many
l i t t l e  boxes on ~ computer test form. A mistake in filling in the boxes
coul d result in form rejection and/or erroneous test results , al l  of
which seem to be a worry to students. It would thus ~eem reasonab le to
conclude that the si gnificantly better test scores of the microterm inal
users woul d be due to better concentration; however , the r ival  hypo-
thesis that there are novelty effects cannot be d iscounted unti l  a more
extens ive longitu d inal study is  conducte d.

Cost Analysis

The parts costs for a microterminal with memory module are itemized
in Table 5. The prices shown were current when the microterminals were
being constructed in late 1977 and are subject to change. However, it
is antici pated that the effect of the price changes which are likely to
occur over the period of a year w i l l  tend to reduce the total parts
cost. The reason for this is the general trend that now exists in price
reduction for such i tems as the M6802 microprocessor and the TMS 2716
EROMS . It is  also noted here that this total pr ice includes only one
EROM for eac h microterm i nal .

The actual fabrication costs for the various structural components
of the microterm inal are itemized in Table 6. In many instances , a
major portion of an i tem cost was for the fabrication of a template or
other mechanical aid . These , of course , were one-time charges and ,
therefore , distort the production costs of an item. For example , the
cost of the spring for the memory module shutter is unusually high. The
costs of the memory module case and microterminal case modifications
were also quite high . It is expected that for a quantity of 500 or more
units , it woul d be feasible to pay the setup charge for a tape-con-
t ro l l e d m i l l i n g  machine , which would greatly reduce the cost per model
While it is difficult to determine the exact cost reduction from such
action , it is estimated that the final fabrication figures would be
approximately 25% of the figures shown.

The unit cost for assembly and checkout , including the EROM pro-
gramming , was approximately $330. However, for the last few prototypes,
after the technicians became familiar with the units , the assembly and
checkout required less than 12 hours (approximately $144) per unit. It
could be expected that on a production line this figure might be cut in
half. In any case, a unit cost of $509 appears realistic for quantities
over 500 .

_ _ _-



TABLE 5. Components and material cost

1-25 25-100 100-500
Unit Uni t Unit Uni t

Part Quantity Price Price Price
M68o2VliMicroprocessor)Motorola 1 $25.00 $22.00 $22.00
M6820P (PIA) Motorola 2 9.75 8.25 6.60
*6561 (CMOS RAM) Intersil/Harris 1 8.25 8.25 8.25
DL1416 (Display) Litronix 1 40.00 35.00 30.00
CD4O5OAE (CMOS-Hex Buffer) RCA 2 .74 .74 .62
LM339 (Comparators) Nati. Semi. 1 .80 .60 .52
RL4484 (Red LED) Litronix 6 .29 .19 .19
YL4484 (Yellow LED) Litronix 1 .71 .71 .52
0L31 (Orange LED) Litronix 1 .47 .47 .31
GL4484 (Green LED) Litronix 1 .71 .71 .52
74LS174 (Hex-D Type Flip Flops) 2 .98 .80 .68
74LS139 (Decoders) 1 1.73 1.38 1.10
TMS2716 (EROM) TI 1 32.00 32.00 29.95
74L20 (NAND Gates) 1 .64 .52 .45
74L04 (Hex Inverters) 1 .68 .56 .48
7404 (Hex Inverters) 1 .34 .29 .26
82-601-817) 2 6.80 6.80 4.25
82-301-61 ) (Keyboard) Grayhill 1 3.65 3.65 2.25
82-101-71 ) 1 1.55 1.55 1.00
1B1 (Line Filter) Corcom 1 7.00 7.00 5.00
357001 (Fuse Holder) 1 .30 .30 .25
17236 (Power Cord) 1 1.45 1.45 1.20
*B5OT (Ni-Cad Batteries) Eveready 3 1.86 1.86 1.20
6P-11 (Strain Relief) 1 .06 .06 .06
CY15C1O3M (.01 uF) 1 .16 .16 .12
196D186X9020KA1 (18 uF) 2 .25 .25 .20
DM15-180J (18 pF) 1 .15 .15 .10
CKO58X1O4K (.1 uF) 2 .78 .78 .50
2CZ5V224X0O50C4 (.22 uF) 1 .25 .25 .15
*DB..25py ) 1 5.44 5.44 5.00
*DBp_255AA ) (Connectors)-ITT Cannon 1 4.10 4.10 3.75
RC O7CB (¼ watt , 5% resistors) 28 .12 .09 .07
#433260 (4 MHz Crystal) 1 5.95 5.95 5.95
C93-24-02 (I.C. Sockets) 3 .63 .56 .56
C93-40-02 (I.C. Socket) 1 .99 .91 .91
ICMP (Power Supply) Alpha Power 1 39.95 36.75 33.55
MC-4.9H-BE-BK (Console Case) Techmar 1 37.70 35.82 32.05
55-120-G-2 (Socket Strip) 1 1.65 1.65 1.55
P.C. Boards (4 required) - 40.00 40.00 30.00
Miscellaneous Hardware & Materials - 50.00 40.00 30.00

Total $364.45 $335.44 $282.53

*Memory Module
The items listed here are those actually used but other similar components
and materials would have been equally suitable . This listing does not imply
endorsement of these products or manufacturers by the U.S. Government.
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TABLE 6. Microterminal fabrication costs

Uni t Avera ge Charge
Part Dwg. No. Quantity Per Terminal

Shutter EA-13225 1 $ 6.88

Spring EA-13266 1 11.01

Hinge EA-13224 1 16.51

Hinge Plate EA-13305 1 2.75

Indicator Panel EB-13216 1 16.51

Window , Display EA-13264 1 5.50

Memory Module Case EB-13236, 1 48.15
EB- 13237

Support Block EB-13220 2 27.52

Spacer EA-13233 2 11.01

Guide Pin EA-13228 2 11.01

Guide EB-13221 2 20.64

Filter Bracket EB 12686 1 4.13

Chassis ED-13215 1 27.52

Console Case, Modification ED-13219 1 77.05

Mounting Spacer EA-13309 2 11.01

Display Panel Block EA-13270 1 5.50

Keyboard Block EA-13271 2 16.51

Keyboard Bezel EB-13273 1 19.26

Total $338.47
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Conc lus ion

The microterminal described in this report fulfilled the object-
ives , and reached the goals that were intended at the initialization of
the contract. As an “electronic testing device ” the microterminal gave
students greater confidence in answering questions , while also improving
scores. The final cost fi gures alse 1~dicate that the use of the micro-
terminal is an economicall y viable alternative to the standard computer
paper-and-pencil test forms presently in use.
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